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PROCESSES TO PREPARE EPLERENONE 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

This patent application claims the bene?t of the following 
US. provisional patent applications: Ser. No. 60/366,784, 
?led Mar. 22, 2002, Ser. No. 60/411,874, ?led Sept. 19, 
2002, and Ser. No. 60/425,596, ?led Nov. 12, 2002, under 35 
U.S.C. §119(e) (i). 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
The present invention includes a process for the transfor 

mation of a 3-enol ether A3’5-steroid to the corresponding 
A4’6-3-ketal steroid (I-P). 

The present invention includes a process for the transfor 
mation of a A4’6-3-keto steroid or ketal thereof (I), to the 
corresponding A4-3—ketosteroid-70t-carboxylic acid (VI). 

The present invention also includes a novel processes and 
novel intermediates to produce the pharmaceutically useful 
compound eplerenone. 

Further, the invention includes processes for transforma 
tion of 110t-hydroxy-17-lactone (CI) or 110t-hydroxy ste 
roids (CIV) to the corresponding A9(1l)-17-lactone (CII) or 
A9(1l)-steroids (CV) using a N-?uoroalkylamine reagents 
(CVI). 

2. Description of the Related Art 
It is knoWn to transform 3-keto-A4’6-steroids into the 

corresponding steroidal A4’6-3-ketals by acid-catalyZed ket 
aliZation. Yields are moderate and double bond deconjuga 
tion can be competitive. For example, A4’6-cholestadiene-3 
one-3-cycloethyleneketal Was prepared by ketaliZation of 
A4’6-cholestadien-3-one in 64% yield, see J. Org. Chem. 26, 
2549 (1961). Also, 17B—hydroxyandrosta-4,6-dien-3-one-3 
cycloethyleneketal Was prepared by ketaliZation of 6-dehy 
drotestosterone in 55% crude yield, see J. Am. Chem. Soc, 
86, 2183 (1964). The steroidal A4’6-3-ketals (I-P) can be 
used as starting materials in the process to prepare 
eplerenone. 

J. Org. Chem., 29, 601 (1964) reports that A3’5-3-alkoxy 
steroids react With DDQ in the presence of Water to give the 
corresponding A4’6-3-keto steroids. The process of the 
present invention reacts A3’5-3-alkoxy steroids (3-alkyl enol 
ether) With DDQ in the presence of an alcohol under 
essentially anhydrous conditions to give the A4,6-3-ketal 
steroid (I-P). In addition, the prior art methods of producing 
the A4’6-3-ketal steroid (I-P) uses tWo steps, 6-dehydroge 
nation of an enol ether to a A4’6-3-keto steroid folloWed by 
ketaliZation Whereas the present invention is a one step 
reaction. 

Eplerenone, also knoWn as epoxymexrenone, is a useful 
pharmaceutical agent and chemically is 9a,110t-epoxy-17[3 
hydroxypregn-4-en-3-one-70t,21-dicarboxylic acid, y-lac 
tone, methyl ester. 

International Publication WO98/25948 of PCT applica 
tion PCT/US97/23090 discloses eplerenone and many dif 
ferent process to prepare eplerenone. In particular, see 
schemes 1 thru 10. 
US. Pat. No. 4,874,754 discloses 19-nor steroids With 

70t-aryl substitution. The 70t-aryl substituent included a 
number of groups including phenyl, thienyl, furyl, thiaZolyl, 
pyrrolyl, oxaZolyl, imidaZolyl, pyraZolyl, triaZolyl, tetra 
Zolyl, isothiaZolyl and isoxaZolyl, pyridinyl, pyridaZinyl, 
pyrimidinyl and pyraZinyl. Regardless of Which group Was 
used, the 19-nor compounds had antiproliferative, anti 
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2 
estrogenic and/or estrogenic properties and are not useful 
intermediates to eplerenone because there are no practical 
methods for installing the 19-methyl group into 19-nor 
steroids. The 70t-substituted steroids (II) of the present 
invention, are intermediates, not end products and do not 
have estrogenic properties because they are not 19-nor 
steroids. 

US. Pat. No. 4,502,989 discloses a number of A11 
steroidal-y-lactones many of Which are substituted in the 
70t-position Which have aldosterone antagonist activity. The 
70t-substitution is 6a,70t-methylene-, 70t-trimethy 
lacetylthio-, 70t-acetylthio- and 70t-benZoythio-, see claim 1. 
These compounds differ from the compounds of the inven 
tion in that the C-ring double bond is An- and the 70t-sub 
stituents are such that the compounds cannot be used in the 
same Way as the 70t-substituted steroids (II). 

HeL, 25, 399 (1987) and Bull. Soc. Chim. Fr. 131, 900 
(1994) disclose the use of boron tri?uoride diethyl etherate 
to catalyZe conjugate addition of non-steroidal 2-methylfu 
ran to 0t,[3-unsaturated ketones in ethanol/nitromethane. The 
process of the present invention involves steroidal furans. In 
addition, the enone substrates in Hel., 25, 399 (1987) and 
Bull Soc. Chim. Fr. 131, 900 (1994) do not contain stereo 
centers, so the issue of stereocontrol does not arise. 

Methods for conjugate addition of carbon nucleophiles to 
9(11)-saturated-A4’6-3-keto steroids to give 9(11)-saturated 
70t-substituted steroids stereoselectively are knoWn. J. Am. 
Chem. Soc, 94, 4654 (1972) discloses conjugate addition of 
carbon nucleophiles to 9(11)-saturated-A4’6-3-keto steroids 
to give 9(11 )-saturated-70t-substituted steroids stereoselec 
tively. TeL, 49, 9955 (1993) and Tel. LelL, 29, 1533 (1988) 
disclose stereoselective addition of allyltrimethylsilane to 
canrenone (titanium tetrachloride, methylene chloride, 
—78°) to give a mixture of tWo di?icult-to-separate products 
(70t-allyl-canrenone and the corresponding 6a,70t-fused 
silylcyclopentane) in poor yields (43*73% and 7*15%, 
respectively). Note that in these cases the steroid substrate is 
9(11) saturated. All attempts to apply these methods or 
similar methods to 9(11) unsaturated steroid substrates have 
failed, due to lack of stereocontrol. For example, US. Pat. 
No. 4,559,332, Example 7, discloses that trimethylsulfoxo 
nium iodide adds to A9(1l)-canrenone (I) using sodium 
hydride in DMSO at room temperature to give exclusively 
6 [3,76 -methylene-A9(l l )-canrenone. Also, nitromethane adds 
to A9(11)-canrenone (I) in tetramethylguanidine at room 
temperature over 7.5 hrs.) to give exclusively the 7B stere 
oisomer (7 [3 -nitromethyl —A9 (1 l ) - 6, 7-dihydrocanrenone. 

Helv. Chim. Acza, 80, 566 (1997) and US. Pat. No. 
4,559,332 disclose that reaction of A9(ll)-canrenone With 
diethylaluminum cyanide to give 70t-cyano-A9Ul)'6,7-dihy 
drocanrenone, but the crude product is described as a 
“broWnish amorphous residue” that “Was ?ltered through 
silica gel yielding amorphous” semipuri?ed product “Which 
Was used Without further puri?cation in the next step.” The 
ratio of 7-0. to 7-[3 epimers is not disclosed. 

J. Am. Chem. Soc. 79, 3120 (1957), J. Am. Chem. Soc. 82, 
6136 (1960), and J. Org. Chem. 27, 1192 (1962) disclose 
degradation of non-steroidal enediones to carboxylic acids 
through alkoxyhydroperoxide intermediates and not 
hydroxyhydroperoxide intermediates. The process of the 
present invention involves steroidal enediones. 

The oxidative opening of furans to carboxylic acids, or 
carboxylic acid derivatives, by direct oZonolysis is knoWn. 
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However, the yields are usually quite poor. J. Org. Chem., 
61, 9126 (1996), reported that a 2,5-disubstituted furan on 
oZoniZation underwent partial cleavage to an enol acetate 
rather than complete cleavage to the carboxylic acid. Het., 
34, 895 (1992) reported direct oZoniZation of a 2-substituted 
furan gave, after esteri?cation, the methyl ester in 59% 
yield. J. Am. Chem. Soc. 101, 259 (1979) reported direct 
oZoniZation of a 2-substituted furan gave, after esteri?cation, 
the methyl ester in 55% yield. J. Am. Chem. Soc., 107, 7762 
(1985) reported direct oZoniZation of a 2-sugar-substituted 
furan gave, after borane reduction, the primary alcohol in 
50% yield. Tet. Lett., 34, 7323 (1993) reported direct OZO 
niZation of a 2-substituted furan gave, after esteri?cation, the 
methyl ester in 60% yield. Carb. Res., 150, 163 (1986) 
reported direct oZoniZation of a 2-sugar-substituted furan 
a?‘orded, after reduction with triphenylphosphine followed 
by lithium aluminum hydride, the primary alcohol in 11% 
yield. Tet. Lett., 22, 141 (1981) reported direct oZoniZation 
of a 2-substituted furan gave, after oxidative workup, the 
carboxylic acid in approximately 30% yield. J. Am. Chem. 
Soc., 109, 2082 (1987) reported direct oZoniZation of a 
2-substituted furan gave, after esteri?cation, the methyl ester 
in 77% yield. Tet. Lett., 39, 7013 (1998) reported direct 
oZoniZation of a 2-substituted furan gave, after esteri?cation, 
the methyl ester in 78%*87% yield. J. Org. Chem., 54, 2085 
(1989) reported direct oZoniZation of two 2-substituted 
furans gives the carboxylic acid in 89*95% yield, however, 
in this study, the 2-substituted furans were very simple (i.e., 
they did not contain any reactive functional group other than 
the furan). There is no disclosures of a two step furan 
opening and then oxidative cleavage to the carboxylic acid 
which results in high yields. 

J. Org. Chem. 63, 7505 (1998) discloses the use of 
dibromatin, sodium bicarbonate and aqueous acetone to 
open non-steroidal furans to produce enediones. The process 
of the present invention involves steroidal furans. 

Chem. Lett., 1771 (1983) discloses the use of hydrochlo 
ric acid in ether to catalyZe the isomeriZation of non 
steroidal cis-enediones to trans-enediones. The process of 
the present invention involves steroidal enediones. 

J. Am. Chem. Soc., 79, 3120 (1957), J. Am. Chem. Soc., 
82, 6136 (1960) andJ. Org. Chem, 27, 1192 (1962) disclose 
the degradation of enediones to carboxylic acids through 
alkoxyhydroperoxide intermediates by use of oZone and an 
oxidatively cleaving agent. The yields are not particularly 
high. For example, the yield of benZoic acid from trans 
dibenZoylethylene was 54%. Following this process, meth 
oxyhydroperoxide (IV-OOH) (where R7_2=iCH3) gave a 
65.2/34.8 mixture of the desired carboxylic acid (VI) and 
ot-ketomethylester where (Rb=OMe). The ot-ketomethyl 
ester can not be transformed to an eplerenone useful com 

pound and its production makes this process not commer 
cially useful. By contrast, in the process of this invention, 
the enedione (III) is degraded to the carboxylic acid (V I) 
through the hydroxyhydroperoxide intermediate (IV-OOH, 
where R7_2=iH), which surprisingly rearranges to the 
desired carboxylic acid (V l) in nearly quantitative yield. The 
process of the present invention uses oZone, a hydroperoxy 
deoxygenating agent and then a oxidatively cleaving agent 
to avoid production of the ot-ketomethylester and obtain 
increased yields. 

Drugs ofthe Future, 24, 488 (1999) discloses conversion 
of the 5,7-lactone (V H) to the corresponding methyl ester 
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4 
(V 111) by treatment with “methyl iodide in basic medium,”. 
The process of the present invention for methylation is a 
sequential process. 

lntemational Publication WO98/25948 generically dis 
closes (5,7)-17-bislactones and 3 protected forms. 

lntemational Publication WO98/25948 discloses the 
transformation of a steroidal 70t-acid to the (5,7)-17-bislac 
tone. This process requires an orthoester. The process of the 
present invention does not require an orthoester. 

lntemational Publication WO98/25948 discloses the 
transformation of a (5,7)-17-bislactone to the corresponding 
7(XiCO4OCH3 in one step. The present invention uses 
two steps but obtains better yields and consumes less 
reagent. 

Eplerenone is 9(11 )ot-epoxy-l7[3-hydroxypregn-4-en-3 
one-7a,21-dicarboxylic acid, y-lactone, methyl ester and as 
such contains a 70t-carbomethoxy substituent. From the 

standpoint of production, a major di?iculty in the production 
of eplerenone is introduction of the 70t-carbomethoxy sub 
stituent. The present invention includes an improved proved 
process for the introduction of the 70t-substituent. 

It is known that a carboxylic acid can be obtained from a 

(substituted)furan in one step by oZonolysis. However, the 
yields are quite low. Further, it is known that furans can be 
opened to enediones. It is also known that enediones can be 
oxidiZed to carboxylic acids. 

Bulletin ofthe Chemical Society ofJapan, 52, 3377*3380 
(1979) discloses that N-(1,1,2,2,3,3,3)hexa?uoropropyldi 
ethylamine, “lshikawa reagent” is used to replace a hydroxyl 
group with a ?uorine atom or eliminate a hydroxyl group to 

an ole?n. With cyclohexanol, a simple monocyclic system, 
the elimination product ole?n was 78%. However, when the 
“lshikawa reagent” was applied to a steroid, cholesterol, the 
corresponding ?uoro compound cholesteryl ?uoride was 
obtained in 83% yield; no elimination product was reported. 

J. Org. Chem., 2187*2195(1964) discloses the reaction of 
11ot-hydroxypregn-4-ene-3,20-dione with 2-chloro-1,1,2 
tri?uorotriethylamine to give the elimination product, pre 
gna-4,9(11)-diene-3,20-dione, in 86% yield. The process of 
the present invention does not use 2-chloro-1,1,2-tri?uorot 
riethylamine also known as Yarovenko reagent. Further, use 
of 2-chloro-1,1,2-tri?uorotriethylamine is a problem 
because it is not stable enough to make scale up practicable. 
In addition, it is derived from a chloro?uorocarbon and is 
not environmentally sound. 

Tetrahedron Letters, 106541069 (1962) also discloses the 
reaction of 11ot-hydroxypregn-4-ene-3,20-dione with 
2-chloro-1,1,2-tri?uorotriethylamine to give the elimination 
product, pregna-4,9(11)-diene-3,20-dione. 

J. Fluorine Chem., 109, 25431 (2001) describes and 
compares the use of 1,1,2,2-tetra?uoroethyl-N,N-dimethy 
lamine as well as Yarovenko-Raksha and lshikawa reagent 

as ?uorinating and dehydrating agents. While the document 
discloses examples of elimination reactions in both aliphatic 
and cyclic systems, the primary use is as a ?uorinating agent. 
The only steroid example was the reaction of 1,1,2,2 
tetra?uoroethyl-N,N-dimethylamine with cholesterol which 
produced a product with ?uorine at the C-3 position of 
cholesterol. 
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SUMMARY OF INVENTION Also disclosed is a 70t-substituted steroid of formula (II) 

Disclosed is a process for the preparation of a A4’6-ketal 
(11) 

of formula (I-P) 

(I-P) 10 

O 15 

R32 Where 

(I) R3 is =0; R4 is R4_I:R4_2 Where one of R4_l and R4_2 
is iH and the other of R4_l and R4_2 is taken together 

20 With R5 to form a second bond betWeen the carbon 
Where R31 and R32 are atoms to Which they are attached; R6 is iHziH; 

(l) the same or different and are Cl-C3 alkyl, and (II) R3 is R3_3:R3_4 and R4 is R4_3:R4_4 Where one of R3_3 
(2) taken With the attached iO4C4Oi to form a and R3-4 is 40*R3r Where R31 is C1_£3 alkyl, the 

Cyclic ketal of 5 or 6 atoms of the formula other of R3_3 and R3_4 1s taken together W1th one of R4_3 
25 and R4_4 to form a second bond betWeen the carbon 

i(CH2)i(CR33R34)n 1i(CH2)i atoms to Which they are attached, and the other of R4_3 
_ and R4_4 is iH; R6 is R6_3:R6_4 Where one of R6_3 and 

Where 111 15 0 or 1; R6_4 is taken together With R5 to form a second bond 
Where R33 and R34 are the same or different and are betWeen the carbon atoms to Which they are attached 
iH’ 30 and the other of R6_3 and R6_4 is iH; 
CFC3 alkyla (III) R3 is (xiR3_5:[3iR3_6 Where R3_5 is iOiRM and 

R3_6 is ADiR32 Where R31 and R32 are the same or 
which Comprises different and are selected from the group consisting of 

(l) contacting a A3’5’3-enol ether of formula (Alkyl enol C1’C3 alkyl and 
ether) 35 R31 and R32 are taken With the attached iO4CiOi 

to form a cyclic ketal of 5 or 6 atoms of the formula 

*(CH2)*(CR33R34),.1*(CH2)* 

Where n1 is 0 or 1; 
40 Where R33 and R34 are the same or different and are iH 

and CFC3 alkyl; R4 is iHziH; R6 is R6_5:R6_6 Where 
one of R6_5 and R6_6 is taken together With R5 to form 
a second bond betWeen the carbon atoms to Which they 

45 are attached and the other of R6_5 and R6_6 is iH; 

R3—O \ (IV) R3 is 0t-R3_7:[3-R3_8 Where R3_7 is 4OiR3l and R3_8 
(Alkyl @1101 mm) is 4OiR32 Where R31 and R32 are as de?ned above; R4 

is R4_7:R4_8 Where one of R4_7 and R4_8 is taken together 
With R5 to form a second bond betWeen the carbon 

50 atoms to Which they are attached and the other of R4_7 
and R4_8 is iH; R6 is iHziH; 

Where R3 is _ 
Where R7_l 1s a molecular fragment of the formula (-Al) 

CFC3 alkyl, 
CH3%Oi, 
q>%oi or 55 Rb RC (-1“) 

RSMRSLZRSMSii Where RSI-4, RSZ._2 and RSZ._3 are the 
same or different and are CFC4 alkyl; With a hydride / \ 
abstractor and an alcohol selected from the group X1 Rd or ofth? formula (_A2) 

consisting of alcohols of the formula: 60 (-AZ) 
Re 

(a) R3liOH, Where R31 is as de?ned above, 

(b) R32iOH, Where R32 is as de?ned above, / \ 
(C) HOi(CH2)i(CR33R34)nli(CH2)iOH Where nr, 65 Rb X1 Rd 

R33 and R34 are as de?ned above, 

(d) HO%H2%H2A)H. 
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Where X1 is: 

ism’ 
iOi or 

iNXMi and Where Xl_l is: 
iH’ 
CFC4 alkyl, 
4COiOXL2 Where Xl_2 is CFC4 alkyl or 

iCH2_q)s 
4COiXl_2 Where Xl_2 is as de?ned above, 
%o-q> Where -q> is substituted in the o-position 

With 4COiOi(CliC4 alkyl), 
iSO2i(C1*C3 alkyl), 
iso2-q> Where 4) is optionally substituted With 1 15 

or 2 

Cl£4 alkyl, 
C1£4 alkoxy; 

Where Rb is selected from the group consisting of 

iH’ 
CFC4 alkyl or 
phenyl optionally substituted With 1 or 2 

C liC4 alkyl, 
C liC4 alkoxy, 

Where RC is selected from the group consisting of: 

iH’ 
C liC4 alkyl, 
C liC4 alkoxy, 
iOiSi(R)3 Where the R’s are the same or different 

and are iH, CFC4 alkyl, 4), CFC4 alkoxy and 
ADH, 

iF, iCl, iBr, fl, 
iCO4OCH3 and 
iCOiRgl Where Rc_l is CFC4 alkyl or -(|); 

Where Rd is selected from the group consisting of 

iCEN, 
CFCl0 alkyl; 
C liC4 alkoxy; 
iCHziORahl Where Rahl is iH or CFC4 alkyl, 
iCH2iN(Rd_6)2 Where the tWo Rah6 are the same or 

di?cerent and are: 

C liC4 alkyl, 

‘CO-Rim‘, Where Rd_6a is CFC4 alkyl or 
iCH2iO4COiRaLl Where Rahl is as de?ned 

above, 
iCH(ORd_l)2 Where Rahl is as de?ned above and 

Where the tWo Rahl taken together are: 

%H2%H2i, 
%H2%H2%H2i, 
%H2%(CH3i)2iCH2i, 

iCH(iO4COiRd_1)2 Where Rahl is as de?ned 
above, 

iSi(R)3 Where R is as de?ned above, 
iOiSi(R)3 Where R is as de?ned above, 

iSn(Rb_l)3 Where Rb_l is as de?ned above, 
iSiRaL5 Where Rah5 is CFC4 alkyl or q), 
iN(Rd_6)2 Where Rah6 is as de?ned above, 
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Where RC and R d taken together With the atoms to Which they 
are attached to form 

E1 

Where E l are the same or di?cerent and are: 

iH’ 
Cl£4 alkyl, 
iF, iCl, iBr, fl, 
iOELl Where E1_l is: 
iH’ 
C liC4 alkyl, 
-q> or 

iSiE1_2El_3E1_4 Where El_2, E1_3 and El_4 are the 
same or di?cerent and are C liC4 alkyl or C liC4 
alkoxy, 

iSiEL5 Where E1_5 is CFC4 alkyl or 
iSi(O)1_2iEl_5 Where E1_5 is as de?ned above, 
iN(Rd_6)2 Where the tWo Rah6 are the same or 

di?cerent and are as de?ned above, 

iP(O) (OiEM)2 Where E1_l is as de?ned above, 
iSi(R)3 Where R is as de?ned above; 

Where E1 is as de?ned above and 
Where M is: 

(1) =0, 
(2) =NiE2 Where E2 is selected from the group 

consisting of 
iH 

Cl£4 alkyl, 
C1£4 alkenyl containing 1 or 2 double bonds, 
Cl£4 alkynyl containing 1 triple bond, 
iCO4OE2_l Where E2_l is iH or CFC4 alkyl, 
iC(E2_l)24OE2_2 Where E2_l are the same or dif 

ferent and are as de?ned above and Where E2_2 is 

C liC4 alkyl, 
-q> or 

iSi(R)3 Where the three R are the same or dif 
ferent and are de?ned above, 

iOE2_2 Where E2_2 is as de?ned above, 
iS-EL3 Where E2_3 is CFC4 alkyl or -(|), 
iSi(O)1_2-E2_3 Where E2_3 is as de?ned above, 
iN(Rd_6)2 Where the tWo Rd6 are the same or dif 

ferent and are as de?ned above; 

iSi(R)3 Where the three R are as de?ned above; 
(3) =C(E2)2 Where the E2 are the same or di?cerent and 

are as de?ned above, 

Where El and E2 are taken together With the atoms to 
Which they are attached to form a ring of 5 thru 7 
members, optionally containing 3 thru 5 
41*, 
ism’ 
iNzs 
iNXMi Where Xl_l is as de?ned above, 
4CE2qvhere E2 is as de?ned above, 
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4C(Rb)2i Where Rb is as de?ned above, and option 
ally containing 1 or 2 additional double bonds; 

iczciEg (-c) 

Where E2 is as de?ned above; 

iCH24CH:CH2 (-D1) 

iCH24CECiH (433) 

Where R9 is: 
iHs 

(3) AD-(HYDROXY PROTECTING GROUP) Where 
HYDROXY PROTECTING GROUP is selected 
from the group consisting of 
*$i(*CH3)3, 
*SieCHFCHQy 
iCOiH3, 
iCOiH and 

*SimCHQZ, 

Where R11 is: 
(1) =0, 
(2) iH:iH, 
(3) (XiRUJZBiRUQ Where Rn_l is: 

(a) iHs 
(b) 4OiRn_3 Where R11_3 is: 

(i) *H, 
(ii) a HYDROXY PROTECTING GROUP) 
Where HYDROXY PROTECTING GROUP is 
as de?ned above, and Where R11_2 is: 

(a) iHs 
(b) 4OiRll_4 Where Rll_4 is: 

(i) *H, 
(ii) a HYDROXY PROTECTING GROUP) 
Where HYDROXY PROTECTING GROUP is 
as de?ned above, With the proviso that one of 
RU’l and Rll_2 must be iH, 

(4) Rll_5:Rl1_6 Where one of R11_5 or R11_6 and R9 are 
taken together With R9 to form a second bond 
betWeen C-9 and C-ll and the other of R1_5 or Rll_6 
is iH, 

(5) (XiRUJZBiRILS Where R11_7 and R9 are taken 
together With iOi to form an epoxide betWeen 
C-9 and C-ll and R11_8is iH; 

Where R17 is: 
(1) =0; 
(2) (>tiRl7_l:[3iRl7_2 Where R17_l is: 

(a) iHs 
(b) iCECiH, 
(C) iCEN: 
(d) 4CECiCH2iOiR17+l Where Rl7_l_l is 

selected from the group consisting of 
(i) *H, 
(ii) iSi(R17_1_2)3 Where Rl7_l_2 are the same or 

di?cerent and are C liC4 alkyl, 
(iii) l-ethoxyethyl, 
(iv) 2-tetrahydropyranyl, 

(e) 4CECiCH2iO-(HYDROXY PROTECT 
ING GROUP), Where HYDROXY PROTECT 
ING GROUP is as de?ned above, 

(g) %H2%H2%H2A)-(HYDROXY PRO 
TECTING GROUP), Where HYDROXY PRO 
TECTING GROUP is as de?ned above, 
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(h) 4CH24CH24COiO_ and Where Rl7_2 is 
‘OH; 

(3) (>tiRl7_3:[3iRl7_4 Where Rl7_3 is iOH and Where 
R17_4 is: 
(a) iCO%H3, 

(4) (>tiRl7_5:[3iR17_6 Where R17_5 and R17_6 are taken 
With the attached carbon atom to form a three 
member epoxide containing 4O4CH2i Where the 
attachment of the 4O is at Rl7_6 in the [3-orientation 
and the attachment of the CHZi is at R17_5 in the 
ot-orientation; 

(5) (>tiRl7_7:[3iRl7_8 Where Rl7_7 and R17_8 are taken 
With the attached carbon atom to form a ?ve member 

lactone containing 4OiCO4CH24CH2i Where 
the attachment of the CHZi is at Rl7_7 in the 
ot-orientation and the attachment of the i0 is at 
Rl7_8 in the [3-orientation; 

(6) 4OiCH(ORl7_9)4CH24CH2 . . . Where the 

bond from the oxygen (*0) is one of the four bonds 
at C-l7 in the [3-con?guration and the bond from the 
methylene group (CH2 . . . ) is another of the four 
bonds at C-l7 in the ot-con?guration to form a 5 
member heterocycle containing one oxygen atom, 
Where Rl7_9 is iH or Cl£3 alkyl; 

(7) aiRn-n?iRn-iz Where R1740 is *(CH2)1-2* 
CH=CH2 and Rl7_l2 is iOH. 

Further disclosed is a cis enedione of the formula (III-cis) 

(III-cis) 
R17 

R3 i""”co co —Rd 

R4 R6 c=c 

R5 R0 

and a trans enedione of the formula (III-trans) 

(III-trans) 
R17 

R3 /CO\C/ Rb 
R4 R6 || 

C 

11/ \C0—Rd 

Where 
(I) R3 is =0; R4 is R4_l:R4_2 Where one of R4_l and R4_2 

is iH and the other of R44, and R4_2 is taken together 
With R5 to form a second bond betWeen the carbon 
atoms to Which they are attached; R6 is iH:iH; 
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(Ill) R3 is (XiR3_5Z[3iR3_6 Where R3_5 is iOiRM, and 
R3_6 is 4OiR32 Where R31 and R32 are the same or 
di?cerent and are selected from the group consisting of 
CFC3 alkyl and 
R31 and R32 are taken With the attached 4O4CiOi 

to form a cyclic ketal of 5 or 6 atoms of the formula 

Where n, is 0 or 1; 
Where R33 and R34 are the same or di?cerent and are iH 

and CFC3 alkyl; R4 is iHziH; R6 is R6_5:R6_6 Where 
one of R6_5 and R6_6 is taken together With R5 to form 
a second bond betWeen the carbon atoms to Which they 
are attached and the other of R6_5 and R6_6 is iH; 

(IV) R3 is (XiR3_7Z[3iR3_8 Where R3_7 is 4OiR3l and 
R3_8 is iOiR32 Where R31, and R32 are as de?ned 
above; R4 is R4_7:R4_8 Where one of R4_7 and R4_8 is 
taken together With R5 to form a second bond betWeen 
the carbon atoms to Which they are attached and the 
other of R4_7 and R4_8 is iH; R6 is iHziH; 

Where R9, R11 R17 are as de?ned above; 
Where Rb is selected from the group consisting of 
iH’ 
CFC4 alkyl or 
phenyl optionally substituted With 1 or 2 
C liC4 alkyl, 
C liC4 alkoxy, 

Where RC is selected from the group consisting of: 

C liC4 alkyl, 
C liC4 alkoxy, 
4OiSi(R)3 Where the R’s are the same or di?cerent 

and are iH, C1£4 
alkyl, -(|), CFC4 alkoxy and iOH, 
iF, 4C1, iBr, fl, 
4COiOCH3 and 
4COiRC_l Where Rc_l is CFC4 alkyl or 

Where Rd is selected from the group consisting of 
iH’ 
%EN, 
CFC1O alkyl; 
C liC4 alkoxy; 
4CH24ORaLl Where Rahl is iH or CFC4 alkyl, 
4CH2iN(Rd_6)2 Where the tWo Rah6 are the same or 

di?cerent and are: 

C liC4 alkyl, 
*1), 
iCOiRdga Where Rd_6a is Cl£4 alkyl or -(|), 

4CH24OiCOiRaLl Where Rahl is as de?ned above, 
4CH(ORd_l)2 Where Rahl is as de?ned above and 

Where the tWo R dd taken together are: 

iCH2iCH2i, 
iCH2iCH2iCH2i, 
*CH2*C(CH3*)2%H2< 

4CH(4OiCOiRd_1)2 Where Rahl is as de?ned 
above, 

iSi(R)3 Where R is as de?ned above, 
4OiSi(R)3 Where R is as de?ned above, 
iSn(Rb_l)3 Where Rb_l is as de?ned above, 
iSiRaL5 Where Rah5 is CFC4 alkyl or -(|), 
iN(Rd_6)2 Where Rah6 is as de?ned above, 

Where RC and Rd taken together With the atoms to Which they 
are attached to form 
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Where E l are the same or di?cerent and are: 

iH’ 
C liC4 alkyl, 
iF, %l, iBr, fl, 
‘GELl Where El_l is: 
iH’ 
Cl£4 alkyl, 
-q> or 

iSiEl_2El_3El_4 Where El_2, El_3 and El_4 are the 
same or di?cerent and are CFC4 alkyl or CFC4 
alkoxy, 

iSiEL5 Where El_5 is CFC4 alkyl or 
iSi(O)l_2-El_5 Where E1_5 is as de?ned above, 
iN(Rd_6)2 Where the tWo R6 are the same or di?cerent 

and are as de?ned above, 

iP(O) (OiEM)2 Where E1_l is as de?ned above, 
iSi(R)3 Where R is as de?ned above. 

Further disclosed is a hydroxy compound of formula 
(IV-OH) 

(IV-OH) 

R7-2/ Rb 

and a hydroperoxy compound (IV iO4OH) 

(IV-OOH) 

Where R3, R4, R5 and R6 are as de?ned for the cis and trans 
enedione (Ill-cis) and (Ill-trans) and Where R9, R11 R17 and 
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Rb are as de?ned above and Where R7_2 is iH and CFC4 
alkyl optionally substituted With one or tWo 40H. 

Disclosed is a biscarbonyl compound of the formula (V) 

(V) 

Where R3, R4, R5 and R6 are as de?ned for the cis and trans 
enedione (Ill-cis) and (Ill-trans) and Where R9, R11 R17 and 
Rb are as de?ned above. 

Also disclosed is a cis oxyenedione of the formula (X-cis) 

(X-cis) 

O 

H 
\Rd 

and a trans enedione of the formula (X-trans) 

(X-trans) 

“Q40 

Where R3, R4, R5 and R6 are as de?ned for the cis and trans 
enedione (Ill-cis) and (Ill-trans) and Where R9, R11 R17, Rb, 
RC and Rd are as de?ned above. 

Further disclosed is a 70t-unsaturated steroid of formula 

(XIV) 
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(XIV) 

Where R3, R4, R5 and R6 are as de?ned for the cis and trans 
enedione (Ill-cis) and (Ill-trans) and Where R9, R11 R17, Rb 
and Rd are as de?ned above. 

Additionally disclosed is a 70t-preacid of the formula 

(XV) 

Where R3, R4, R5 and R6 are as de?ned for the cis and trans 
enedione (Ill-cis) and (Ill-trans) and Where R9, R11 R17 and 
Rb are as de?ned above. 

Disclosed is a process for the preparation of a 70t-substi 
tuted steroid (ll) of the formula 

(11) 

Where 

(1) R3 is =0; R4 is R4_l:R4_2 Where one of R4_l and R4_2 
is iH and the other of R4_l and R4_2 is taken together 
With R5 to form a second bond betWeen the carbon 

atoms to Which they are attached; R6 is iHziH; 

(ll) R3 is R3_3:R3_4 and R4 is R4_3:R4_4 Where one of R3_3 
and R3_4 is 4OiR3l Where R31 is Cl£3 alkyl, the 
other of R3_3 and R3_4 is taken together With one of R4_3 
and R4_4 to form a second bond betWeen the carbon 
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atoms to Which they are attached, and the other of R4_3 
and R4_4 is iH; R6 is R6_3:R6_4 Where one of R6_3 and 
R6_4 is taken together With R5 to form a second bond 
betWeen the carbon atoms to Which they are attached 
and the other of R6_3 and R6_4 is iH; 

(Ill) R3 is (x-R3_5: [3-R3_6 Where R3_5 is iOiRM and R3_6 
is iOiRn Where R31 and R32 are the same or dif 
ferent and are selected from the group consisting of 

CFC3 alkyl and 
R31 and R32 are taken With the attached 4O4CiOi 

to form a cyclic ketal of 5 or 6 atoms of the formula 

Where n1 is 0 or 1; 

Where R33 and R34 are the same or different and are iH 

and CFC3 alkyl; R4 is iHziH; R6 is R6_5:R6_6 Where 
one of R6_5 and R6_6 is taken together With R5 to form 
second bond betWeen the carbon atoms to Which they 
are attached and the other of R6_5 and R6_6 is iH; 

(IV) R3 is (XiR3_7Z[3iR3_8 Where R3_7 is iOiR3, and 
R3_8 is iOiRn Where R31 and R32 are as de?ned 
above; R4 is R4_7:R4_8 Where one of R4_7 and R4_8 is 
taken together With R5 to form a second bond betWeen 
the carbon atoms to Which they are attached and the 
other of R4_7 and R4_8 is iH; R6 is iHziH; 

Where R7_ 1, R9, R11 and R17, are as de?ned above; Which 
comprises: 
(1) contacting a A4’6-3-keto steroid or ketal thereof (1) 

of the formula 

(I) 

Where 

(1) R3 is =0; R4 is R4_1:R4_2 Where one of R4_l and R4_2 
is iH and the other of R4_l and R4_2 is taken together 
With R5 to form a second bond betWeen the carbon 
atoms to Which they are attached; 

(l-ketal) R3 is R3_9:R3_l0 Where R3_9 is 4OiR3l and 
R3_1O is iOiRn Where R31 and R32 are the same or 
different and are selected from the group consisting of 

CFC3 alkyl and 
R31 and R32 are taken With the attached 4O4CiOi 

to form a cyclic ketal of 5 or 6 atoms of the formula 

Where n1 is 0 or 1; 

Where R33 and R34 are the same or different and are iH and 
CFC3 alkyl; R4 is R4_9:R4_ 10 Where one of R4_9 and R4_1O 
is taken together With R5 to form a second bond betWeen 
the carbon atoms to Which they are attached and the other 
of R4_9 and R4_l0 is iH; 
Where R9, R1 1 and R17 are as de?ned above, With an 

adduct selected from compounds 
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(a) of the formula (A) 

(A1) 

(A2) 

Where X1, Rb, RC and Rd are as de?ned above, and 
Where Ra is selected from the group consisting of iH, 
iZnL, iBL, iSiL3, iSnL3, %u, iCuL, iAlLz, 
iHgL, iAg, iMgL, iLi and 4COOH, Where L is 
ADH, CFC4 alkyl, iF, %l, iBr, fl, iCN, 
AD(CFC3 alkyl), 2-thienyl, (CH3)2C(Oi)iC(Oi) 
C(CH3)2 and 

0—; 

(b) of the formula (A') 

Rb4CO4CHRb4CHRC4COiRd (A') 

Where Rb, RC and Rd are as de?ned above; 
(c) of the formula (A") 

(A") 
Rb RC 

Rb 
Rd 

0 X 0 
Re/ 1 \Re 

where R, is: 
C liC4 alkyl, 
4COi(Cl£4 alkyl or -q>), 
iSi(R)3 Where R is as de?ned above and Where X1, Rb, 

RC and Rd are as de?ned above; 
(d) of the formula (B) 

Where Ra, El and M are as de?ned above; 
(e) of the formula (C) 

(B) 

(C) 

Where Ra and E2 are as de?ned above; 
(f) of the formulas (D1, D2 and D3) 

RQ4CH24CHICH2 (D1) 

Ra4CH24CECiH (D3) 

Where Ra is as de?ned above, in the presence of: 
(l) a LeWis Acid, 
(2) a proton acid With a pKa of<about 5 or 
(3) a salt of a secondary amine of the formula 
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(l) contacting a 70t-substituted steroid of formula (II) 

O 

(11) 
Rg_2 R _ 

N / s 3 5 

21+“ 
H RS4 

10 

Where: 

RS_2 is iH, CFC4 alkyl, -(|), and 4CH2-q); 

RS_3 is iH, CFC4 alkyl; 
15 

RS-4 15 *H, C1£4 alkyl, ‘(1); Where R3, R4, R5, R6, R7_l, R9, R11 and R17 are as de?ned 
RS_5 is iH, C1£4 alkyl, -(|); above; With an agent selected from the group consisting 

of: 

and 20 (a) a halogenating agent in the presence of Water and a 
base Whose conjugate acid has a pKa of>about 8, 

(b) an oxygen donating agent, 

R QRs-s (c) electrochemical oxidation, 3-2 

N RS4 (d) a quinone in the presence of Water or 
25 . . 

| (e) nonqumone oxidants. 
H 

Additionally disclosed is a process for the preparation of 
a trans-enedione of formula (III-trans) 

Where 

Rs-2 is *H, C1*C4 alkyl, ‘(l)’ and *CHMP; 30 (HI-trans) 
. R 

RS4 is in, clic4 alkyl, -q>; ” 

Rs-s is iH> C1*C4 alkyl, -<I>; 

With an acid of pKa of<about 2. 35 

Also disclosed is a process for purifying a 70t-substituted 

steroid of formula (II) Where R3, R4, R5 and R6 are as de?ned R "'”,,CO 
for the 70t-substituted steroid (11) and Where RH, R9, R11 3 \C/ Rb 
and R17 are as de?ned above; Which comprises: 40 R4 R6 C 

(l) crystalliZing 70t-substituted steroid (11) Which contains RC/ \CO_Rd 
greater than 5% of 7[3-1somer from a solvent selected from 
the group consisting of ethyl acetate, propyl acetate and 

butyl acetate‘ 45 Where R3, R4, R5 and R6 are as de?ned for the cis and trans 
Further disclosed is a process for the preparation of a enedione (HI-cis) and (HI-trans) and Where R9,_R11, R17’ Rb’ 

cis_enedione of formula (IH_CiS) RC and Rd are as de?ned above; Wh1ch comprises: 
(1) contacting a cis-enedione of formula (III-cis) 

(III-cis) 50 
(III-cis) 

R17 

Where R3, R4, R5 and R6 are as de?ned for the cis and trans 
enedione (III-cis) and (III-trans) and Where R7_l, R7_2, R9, 65 Where R3, R4, R5, R6, R9, R11, R17, Rb, RC and Rd are as 
R11, R17, Rb, RC, Rd are as de?ned above; Which com- de?ned above With an isomeriZation catalyst selected from 
prises: the group consisting of: 
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(a) a strong acid of pKa of<about 2; 
(b) a tertiary amine Whose conjugate acid has a pKa>about 

8 and 
(c) salt of a tertiary amine Whose conjugate acid has a 
pKa>about 8, 

(d) 12, 
(e) (CFC4)3R 
(f) (P3P: 
(g) heating to about 80°. 
Disclosed is a process for the preparation of a hydroxy 

compound of formula (IV-OH) 

(IV-OH) 

or a hydroperoxy compound of formula (IV-OOH) 

(IV-OOH) 

| 
| 

R7-2/ Rb 

or a biscarbonyl compound of formula (V) 

(V) 
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20 
or a carboxylic acid of formula (V1) 

(V1) 

or a mixture thereof, Where R3, R4, R5 and R6 are as de?ned 
for the cis and trans enedione (Ill-cis) and (Ill-trans) and 
Where R7_2, R9, R11, R17, Rb are as de?ned above; Which 
comprises: 

(1) contacting a cis-enedione of the formula (Ill-cis) 

(III-cis) 

or a trans-enedione of the formula (Ill-trans) 

(Ill-trans) 

or a mixture thereof, Where R3, R4, R5, R6, Rg, R11, R17, Rb, 
RC and Rd are as de?ned above, With oZone in the presence 
of an alcohol of the formula R7_24OH, Where R7_2 is as 
de?ned above. 

Also disclosed is a process for the preparation of a 
hydroxy compound of formula (IV-OH) 
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(IV-OH) 

Where R3, R4, R5 and R6 are as de?ned for the cis and trans 
enedione (Ill-cis) and (Ill-trans) and Where R7_2, R9, R11, 
R17 and Rh are as de?ned above; Which comprises: 

(1) contacting a hydroperoxy compound of formula (IV 
OOH) 

(IV-OOH) 

Where R3, R4, R5, R6, R9, R11, R17, Rb and R7_2 are as 
de?ned above With a hydroperoxy-deoxygenating agent. 

Further disclosed is a process for the preparation of a 
carboxylic acid of formula (V 1) 

(V1) 

or pharmaceutically acceptable salt thereof, Where R3, R4, 
R5 and R6 are as de?ned for the cis and trans enedione 
(Ill-cis) and (Ill-trans) and Where R9, R11 and R17 are as 
de?ned above; Which comprises: 
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(l) contacting a hydroperoxy compound of formula (IV 
OOH) 

(IV-OOH) 

Where R3, R4, R5, R6, R9, R11, R1 Rb and R7_2 are as de?ned 
above; With a carboxylic acid forming agent selected from 
the group consisting of: 

(a) heat, 
(b) a base Whose conjugate acid has a pKa of about 5 or 

above, 
(c) an acid Which has a pKa of less than about 3, 
(d) an acylating agent. 
Additionally disclosed is a process for the preparation of 

a carboxylic acid of formula (V 1) 

(V1) 

Where R3, R4, R5 and R6 are as de?ned for the cis and trans 
enedione (Ill-cis) and (Ill-trans) and Where R9, R11 and R17 
are as de?ned above; Which comprises: 

(1) contacting a hydroxy compound of formula (IV-OH) 
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or a biscarbonyl compound of formula (V) CFC3 alkyl and 

R3 1 and R32 are taken With the attached =0=C=0= to 
(V) form a cyclic ketal of 5 or 6 atoms of the formula 

Where n1 is 0 or 1; 

Where R33 and R34 are the same or different and are =H 

and CFC3 alkyl; R4 is =H:=H; R6 is R6_5:R6_6 Where 
10 one of R6_5 and R6_6 is taken together With R5 to form 

a second bond betWeen the carbon atoms to Which they 
are attached and the other of R6_5 and R6_6 is =H; 

(IV) R3 is 0tR3_7:[3-R3_8 Where R3_7 is =0=R31 and 
R3_8 is =0=R32 Where R31 and R32 are as de?ned 
above; R4 is R4_7:R4_8 Where one of R4_7 and R4_8 is 

or mixture thereof, Where R3, R4, R5 and R6 are as de?ned taken together With R5 to form a Second bond 
for the cis and trans enedione (Ill-cis) and (Ill-trans) and between the Carbon atoms to which they are attached 
Where R9, R11, R17 and Rb are as de?ned above; With an andthe other OfR andR is iH, R is iHZiH, 
oxidatively cleaving agent. 4'7 4'8 ’ 6 ’ 

Disclosed is aprocess for the preparation of a 5,7-lactone 20 Where _R9’ Rll_and RU are as de?ned above; With a 
of formula (VII) reaction medium Which has a pH of less than about 5. 

Also disclosed is a process for the preparation of a 

5,7-lactone of formula (VII) 
(v11) 

25 

(v11) 

30 

35 

Where 
(Va) R2 is =H:=H; R3 is :0; R4 is =H:=H; 
(Vb) R2 is =H:=H; R3 is R3azR3b Where both R30 and Where 

Rab are *OH and R4 is iH3iHé _ 40 (Va) R2 is =H:=H, R3 is =0 and R4 is =H:=H; 
where R9’ R11 and R17’ are as de?ned above; Whlch Where R9, R11 and R17 are as de?ned above; Which 

comprises: comprises 
(1) contacting a carboxylic acid of formula (V I) _ ' _ _ 

(l) contacting a carboxylic acid of formula (V l) 

45 

(V1) 
(V1) 

50 

55 

Where 

(1) R3 is =0; R4 is R4_l :R4_2 Where one ofR4_l and R4_2 Where 
is =H and the other of R4_l and R4_2 is taken 60 
together With R5 to form a second bond betWeen the 
carbon atoms to Which they are attached; R6 is 

(1) R3 is =0; R4 is R4_I:R4_2 Where one of R4_l and R4_2 
is =H and the other of R4_l and R4_2 is taken together 

iHiH. With R5 to form a second bond betWeen the carbon 

(HI) R3 is a_R3_5.[3_R3_6 Where R3_5 is OiR31 and atoms to Which they are attached; R6 is =H:=H; 
R3_6 is =O=R32 Where R31 and R32 are the same or 65 Where R9, R11 and R17 are as de?ned above; under 
different and are selected from the group consisting anhydrous conditions With an anhydrous reaction 
of medium of pH less than about 5. 
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Disclosed is a process for the preparation of a 5,7-lactone 
of formula (V 11) 

(V11) 

Where 

(V c) R2 is iHziH, R3 is iOiRhziOiRy, Where 
R3a and R31, the same and are C liC3 alkyl or Where R3a 
and R31, are taken together With the attached 4OiCi 
0* to form a cyclic ketal of 5 or 6 atoms of the 
formula 

Where n1 is 0 or 1; 

Where R33 and R34 are the same or different and are iH 
and CFC3 alkyl, and R4 is iHziH; 

(VI) R2 is iHziH; R3 is R3czR3d and R4 is R4czR4dwhere 
one of R3, and RM is taken With one of R4, or RM to 
form a second bond betWeen the carbon atoms to Which 
they are attached and the other of R3C and RM is 
CH3iOi or CZHSiOi; and the other of R4, and 
RM is iH; or 

(VII) R2 is RzezRzfand R3 is R3ezR3fwhere one of R28 and 
Rzfis taken With one of R38 or R3f to form a second 
bond betWeen the carbon atoms to Which they are 
attached and the other of R28 and Rzf is iH, and the 
other of R38 and R3fis CH34O4or C2H54Oi; or 
mixtures thereof; 

Where R9, R11 and R17 are as de?ned above; 

(V1) 

Where 

(Ill) R3 is (x-R3_5:[3-R3_6 Where R3_5 is iOiR3, and R3_6 
is iOiRn Where R31 and R32 are the same or dif 
ferent and are selected from the group consisting of 

CFC3 alkyl and 
R3 1, and R32 are taken With the attached 4OiC4Oi to 

form a cyclic ketal of 5 or 6 atoms of the formula 

5 
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Where n1 is 0 or 1; 

Where R33 and R34 are the same or different and are iH 

and CFC3 alkyl; R4 is iHziH; R6 is R6_5:R6_6 Where 
one of R6_5 and R6_6 is taken together With R5 to form 
a second bond betWeen the carbon atoms to Which they 

are attached and the other of R6_5 and R6_6 is iH; 

(IV) R3 is (XiR3_7Z[3iR3_8 Where R3_7 is iOiRM and 
R3_8 is iOiRn Where R31 and R32 are as de?ned 
above; R4 is R4_7:R4_8 Where one of R4_7 and R4_8 is 
taken together With R5 to form a second bond betWeen 
the carbon atoms to Which they are attached and the 

other of R4_7 and R4_8 is iH; R6 is iHziH; 
Where R9, R1 1, and R17 are as de?ned above; With at least 

a catalytic amount of acid. 

Disclosed is a process for the preparation of a methyl ester 
of formula (V111) 

(V111) 

Where 

(1) R3 is =0; R4 is R4_I:R4_2 Where one of R4_l and R4_2 
is iH and the other of R4_l and R4_2 is taken together 
With R5 to form a second bond betWeen the carbon 
atoms to Which they are attached; R6 is iHziH; 

Where R9, R11 and R17 are as de?ned above; Which 
comprises: 

(1) contacting a 5,7-lactone of the formula (V11) 

(V11) 

Where R4 is iHziH and Where R3, R9, R11 and R17 are 
de?ned above, With base, and 

(2) contacting the reaction mixture of step (1) With a 
methylating agent. 

Also disclosed is a process for the preparation of a 
carboxylic acid of the formula (V I) 
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(V1) 

or pharmaceutically acceptable salts there of, Where 

(1) R3 is =0; R4 is R4_1:R4_2 Where one of R4_l and R4_2 
is iH and the other of R4_l and R4_2 is taken together 
With R5 to form a second bond betWeen the carbon 

atoms to Which they are attached; R6 is iH:iH; 

Where R9, R11, R17 are as de?ned above; Which com 
prises: 

(l) contacting a 5,7-lactone of formula (V11) 

(V11) 

Where R4 is iH:iH; and Where R3, R9, R11 and R17 are 
as de?ned above, With a reaction medium Which as a 

pH>7. 
Further disclosed is a process for the preparation of a 

cis-oxyenedione of the formula (X-cis) 

(X-cis) 

Where R3, R4, R5, and R6 are as de?ned for the cis and 
trans enedione (Ill-cis) and (Ill-trans) and Where R9, 
R11, R17, Rb, RC and Rd are as de?ned above; Which 
comprises: 
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(l) contacting a 70t-substituted steroid of formula (ll) 

(11) 

R 
5 R6 

Where R3, R4, R5, and R6 are as de?ned for the cis and trans 
enedione (Ill-cis) and (Ill-trans) and Where RH, R9, R1 1 and 
R17 are as de?ned above; With oZone in the presence of a 

CFC4 alcohol and 
(2) contacting the mixture of step (1) With a hydroperoxy 

deoxygenating agent. 
Additionally disclosed is a process 355. A process for the 

preparation of a trans-oxyenedione of the formula (X-trans) 

(X-trans) 

R3 

Where R3, R4, R5, and R6 are as de?ned for the cis and 
trans enedione (Ill-cis) and (Ill-trans) and Where R9, 
R11, R17, Rb, RC and Rd are as de?ned as above; Which 
comprises: 

(1) contacting a cis-oxyenedione of the formula (X-cis) 

(X-cis) 

Where R3, R4, R5, R6, R9, R11, R17, Rb, RC and Rd are as 
de?ned above, With an isomeriZation catalyst selected 
from the group consisting of: 



compound of formula (IV-OH) 
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(a) a strong acid of pKa of <about 2; 
(b) a tertiary amine Whose conjugate acid has a pKa>about 

8 and 
(c) salt of a tertiary amine Whose conjugate acid has a 
pKa>about 8, 5 

(d) 12, 

(e) heating to about 80°. 
Disclosed is a process for the preparation of a hydroxy 

(V1) 

10 

(IV-OH) 

Where R3, R4, R5, R6, R9, R11 and R17 are as de?ned 
above, or a mixture thereof, Which comprises: 

20 (l) contacting an oxyenedione of the formula Qi-cis) 

25 . 

(X-cis) 

Where R3, R4, R5, and R6 are as de?ned for the cis and 
trans enedione (Ill-cis) and (Ill-trans) and Where R7_2, 30 
R9, R11, R17 and Rb are as de?ned above; or a hydro 
peroxy compound of formula (IV-OOH) 

(IV-OOH) 35 

40 Where R3: R4: R5: R6: R9: R11: R17: Rb: Rc and Rd are as 
de?ned above or an oxyenedione of the formula 

Qi-trans) 

45 

(X-trans) 

Where R3, R4, R5, R6, R7_2, R9, R11, R17 and Rh are as 
de?ned above, or a biscarbonyl compound of formula 50 
(V) 

(V) 
55 

RC/ \O—CO—Rd 
60 

Where R3, R4, R5, R6, R9, R11, R17, Rb, RC and Rd are as 
de?ned above or mixture there of, With oZone in the 

presence of an alcohol of the formula R7_24OH Where 
65 R7_2 is as de?ned above. 

Where R3, R4, R5, R6, R9, R11, R17 and Rh are as de?ned Also disclosed is a process to prepare a carboxylic acid of 
above, or a carboxylic acid of formula (VI) formula (V I) 
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(V1) 

or salt thereof Where R3, R4, R5, and R6 are as de?ned for the 
cis and trans enedione (Ill-cis) and (Ill-trans) and Where R9, 
R11 and R17 are as de?ned above; Which comprises: 

(1) contacting a 70t-substituted steroid of formula (ll) 

(11) 

Where R3, R4, R5, and R6 are as de?ned for the cis and trans 
enedione (Ill-cis) and (Ill-trans) and Where RH, R9, R1 1 and 
R17, are as de?ned above; With an agent selected from the 
group consisting of: 

(a) a halogenating agent in the presence of Water and a 
base Whose conjugate acid has a pKa of>about 8, 

(b) an oxygen donating agent, 
(c) electrochemical oxidation, 
(d) a quinone in the presence of Water or 
(e) nonquinone oxidants; and 

(2) contacting the reaction mixture of step (1) With oZone 
in the presence of an alcohol of the formula R7_24OH 
Where R7_2 is as de?ned above; 

(3) contacting the reaction mixture of step (2) With a 
hydroperoxy deoxygenating agent and 

(4) contacting the reaction mixture of step (3) With an 
oxidatively cleaving agent. 

Disclosed is a process to prepare a carboxylic acid of 
formula (V 1) 

(V1) 
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or salt thereof Where R3, R4, R5, and R6 are as de?ned for the 
cis and trans enedione (Ill-cis) and (Ill-trans) and Where R9, 
R11 and R17 are as de?ned above; Which comprises: 

(1) contacting a 70t-substituted steroid of formula (ll) 

(11) 

R6 

Where R3, R4, R5, and R6 are as de?ned for the cis and trans 
enedione (Ill-cis) and (Ill-trans) and Where R74, R9, R11, 
R17 are as de?ned above With 

(1) oZone in the presence of an alcohol of the formula 

R7_24OH Where R7_2 is as de?ned above; 
(2) contacting the reaction mixture of step (1) With a 

hydroperoxy deoxygenating agent and 
(3) contacting the reaction mixture of step (2) With an 

oxidatively cleaving agent. 
Also disclosed is a process for the preparation of a 

carboxylic acid of formula (V 1) 

(V1) 

R3 

Where R3, R4, R5, and R6 are as de?ned for the cis and 
trans enedione (Ill-cis) and (Ill-trans) and Where R9, 
R11 and R17 are as de?ned above, Which comprises: 

(1) contacting a cis oxyenedione of the formula (X-cis) 

(X-cis) 
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or a trans oxyenedione of the formula (X-trans) With a N-?uoroalkylamine reagent of formula (CVI) 

(CV1) 
5 f F 

(pgmms) F—C—C—H 
R17 I 

ZI—III Z3 
Z2 

10 

Q Where: 

// Z ' c c 1k 1 R3 ’C\ /Rb 115 1* 421 y, 
R4 R ? 15 Z2 is C1£4 alkyl and Where Z1, and Z2 together With the 

6 C attached nitrogen atom form a 5- or 6-member hetero 

Rc/ \O—CO—Rd cycle selected from the group consisting of pyrrolidi 
nyl, piperaZinyl, piperidinyl and morpholinyl; 

20 Z3 is iF or iCF3. 

Further disclosed is a process for the preparation of a 

A9(1l)-steroid (CV) 

or mixture thereof Where R3, R4, R5, and R6 are as de?ned 
for the cis and trans enedione (Ill-cis) and (Ill-trans) and 
Where R9, R11, R17, Rb, RC and Rd are as de?ned above, With 
an oxidatively cleaving agent. 

Also disclosed is a process for the preparation of a 25 (CV) 
A9(l1)-l7-lactone (C11) 

30 

W7 
(CII) W5 

W6 
35 

Where W5 is: 

(1) nothing, there is a double bond betWeen C4 and C5; 

(2) W6 is W6_l :W6_2 Where one ofW6_l or W6_2 is taken 
together With W5 to form a second bond betWeen the 
carbon atoms to Which they are attached and the 

other of W6_l and W6_2 is iH; 
(3) W5 is (X-Oi and W7 is 0t-W7_1:[3-W7_2 Where W7_l 

45 is 4COi resulting in a lactone (iO4COi) With 
the oxygen atom bonded to the C-5 position in the 

Which comprises: ot-con?guration and the carbonyl group bonded to 
(l) contacting a llot-hydroxy-l7-lactone (Cl) the C'7 Position in the a'con?gurations W7-2 is *H; 

Where W6 is: 

(1) *H;*H; 
(2) is W6_3:W6_4 Where one of W6_3 and W6_4 is taken 

together With W5 to form a double bond betWeen C-5 
and C-6 and the other of W6_3 and W6_4 is iH; 

(CI) 55 (3) is W6_3:W6_4 and W7 is W7_3:W7_4 Where one of 
W6_3 and W6_4 is -H; taken together With one of W7_3 
or W7_4 to form a double bond betWeen C-6 and C-7, 
the other of W6_3 and W6_4 is iH, the other of W7_3 
and W7_4 is iH; 

60 
Where W7 is: 

(l) 0t-W7_5:[3-W7_6 Where W7_5 is: 
(a) iHs 

65 (b) *CEN, 
(c) iCECiH, 
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(e) iCOADH, 
(f) 4COiOW7_5A Where W7_5A is: 

(i) Cl£4 alkyl, 
(ii) -q> optionally substituted With one thru three 
CFC3 alkyl, iF, iCl, iBr, fl, CFC3 
alkoxy, 

(g) -q> optionally substituted With one thru three 
CFC3 alkyl, iF, 4C1, iBr, fl, CFC3 alkoxy, 

(h) 4COiSW7_5A Where W7_5A is as de?ned above, 
(i) %OiCH=CHiO%OiW7_5/1 Where Wm 

is as de?ned above, 
(j) iCO%OiH, 
(k) CHziNOz, 
(l) iS4COiW75/1 Where W7_5A is as de?ned 

above, 
(m) 5-methylfur-2-yl, 
(n) 5-t-butylfur-2-yl, 

and W7_6 is iH; 
(3) 0t-W7_7:[3-W7_8 Where W7_7 is iH and W7_8 is: 

(a) iHs 
(b) A)iCOi(CfC4 alkyl), 
(c) 4OiCO4OW7_8A Where W7_8A is: 

(i) Cl£4 alkyl, 
(ii) -q> optionally substituted With optionally sub 

stituted With one thru three CFC3 alkyl, iF, 
iCl, iBr, fl, CFC3 alkoxy, 

(iii) icH2iq> Where -q> is optionally substituted 
With one thru three Cl£3 alkyl, iF, 4C1, 
iBr, fl, CFC3 alkoxy; Which comprises: 

(1) contacting a llot-hydroxy steroid (CIV) 

(01v) 

HO’, 

Where W5, W6 and W7 are as de?ned above, With a N-?uo 
roalkylamine reagent of the formula (CVI) 

(CV1) 

Where: 

Z1 is Cl£4 alkyl; 
Z2 is C1£4 alkyl and Where Z1 and Z2 together With the 

attached nitrogen atom form a 5- or 6-member hetero 
cycle selected from the group consisting of pyrrolidi 
nyl, piperaZinyl, piperidinyl and morpholinyl; 
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(H) 

Where R17 is 
(1) =0; 
(3) (X-Rl7_3Z[3-R17_4 Where Rl7_3 is iOH and Where R17_4 

1s: 

(4) 0t-Rl7_5:[3-Rl7_6 Where R17_5 and Rl7_6 are taken With 
the attached carbon atom to form a three member 
epoxide containing iO4CH2i Where the attachment 
of the 4O is at Rl7_6 in the [3-orientation and the 
attachment of the CHZi is at Rl7_5 in the ot-orienta 
tion; 

(5) 0t-Rl7_7:[3-Rl7_8 Where Rl7_7 and Rl7_8 are taken With 
the attached carbon atom to form a ?ve member lactone 

containing AD*CO%H2%HZ* Where the 
attachment of the CHZi is at Rl7_7 in the ot-orientation 
and the attachment of the i0 is at Rl7_8 in the 
[3-orientation; 

(6) iO4CH(OR17_9)iCH2iCH2 . . . Where the bond 
from the oxygen (40) is one of the four bonds at C-l7 
in the ot-con?guration and the bond from the methylene 
group (CH2 . . . ) is another of the four bonds at C-l7 
in the ot-con?guration to form a 5 member heterocycle 
containing one oxygen atom, Where Rl7_9 is iH or 
CFC3 alkyl; 

(7) O"'R17-113l3'R17-12 Where R1740 is *(CH2)1-2* 
CH=CH2 and Rl7_l2 is ‘OH; 

Where R3, R4, R5, and R6 are as de?ned for the cis and 
trans enedione (Ill-cis) and (Ill-trans) and Where R7_l is 
as de?ned above, Which comprises contacting a 11G. 
hydroxy 70t-substituted steroid of the formula (ll) 

(11) 

Where R3, R4, R5, R6, R7_l and R17 are as de?ned above, With 
Z3 is iF or iCF3. 
Additionally disclosed is a process for the preparation of 

a A9(1l)-7(x-substituted steroid of the formula (II) 

65 a N-?uoroalkylamine reagent of formula (CV1). 
Disclosed is a process for the preparation of a A9(ll)-trans 

enedione of the formula (Ill-trans) 






































































































